Abstract: Nitrate (NO 3 -) has become a major component of fine particulate matter (PM 2.5 ) 11 during hazy days in China. However, the role of the heterogeneous reactions of dinitrogen 12 pentoxide (N 2 O 5 ) in nitrate formation is not well constrained. In January 2017, a severe haze 13 event occurred in the Pearl River Delta (PRD) of southern China during which high levels of 14 daytime. This study confirms that N 2 O 5 heterogeneous chemistry was a significant source of 27 aerosol nitrate during hazy days in southern China. 28
kappa-Köhler function considering the variation with the relative humidity (Hennig et al., 168 2005; Liu et al., 2014 ). Aerosol surface density was then derived using the ambient particle 169 number size distribution (wet) and an assumption of spherical particles (Tham et al., 2016; 170 Atmos. Chem. Phys. Discuss., https://doi.org/10. 5194/acp-2018-698 Manuscript under review for journal Atmos. Chem. Phys. Discussion started: 6 August 2018 c Author(s) 2018. CC BY 4.0 License.
Chemical box model 177
To estimate the daytime formation of nitric acid via the reaction of OH + NO 2 , an 178
observation-based chemical box model developed with the latest version of the Master 179
Chemical Mechanism v3.3.1 (Jenkin et al., 2003; Jenkin et al., 2015; Saunders et al., 2003) 180 and an updated chlorine (Cl) radical chemistry module (Xue et al., 2015) was utilized to 181 calculate the mixing ratio of OH radicals and the reaction rate of OH + NO 2 . The integrated 182 production of nitric acid during the daytime was then calculated based on the simulation 183 results. The box model was constrained with the observation data every 10 min, including the 184 data of N 2 O 5 , ClNO 2 , HONO, O 3 , NO, NO 2 , SO 2 , CO, C2 to C10 NMHCs, OVOCs 185 (formaldehyde, acetaldehyde, acetone, and MEK), temperature, aerosol surface density and Table S1 . A function considering the variation of the solar zenith angle (Saunders et al., 2003) Figure 2 shows the time series of N 2 O 5 , ClNO 2 , components of PM 2.5 , related trace gases and 199 meteorological parameters from 18:40 of Jan 2 to 11:00 of Jan 15, 2017. The average 200 temperature and RH during the measurement period were 17 ± 4℃ and 86 ± 14%, 201 respectively. A severe pollution episode occurred on Jan 3 to 7 due to stagnant meteorological 202 conditions ( Fig. 3 (a) ), and the concentrations of most pollutants decreased to very low levels 203 on Jan 9 and Jan 12 to 15, which corresponded to the change in weather conditions. The most 204 polluted days were Jan 5 and 6 with the highest PM 2.5 of 400 μg m -3 and the highest O 3 of 160 205 ppbv. The PM 2.5 data from the PRD regional air quality monitoring network revealed that the 206 HGS site was within the most polluted area during this haze event (Fig. 3(b) ). This pollution 207 event was characterized by concurrent high levels of PM 2.5 and O 3 and is in contrast to the 208 winter haze in north China, which experienced high PM 2.5 but low O 3 (e.g., Sun et al., 2016; 209 Wang H et al., 2018a) . The mixing ratios of N 2 O 5 and ClNO 2 were up to 3358 pptv and 8324 210 pptv (1 min time resolution), respectively, indicating active N 2 O 5 heterogeneous chemistry. 211
Very high concentrations of aerosol nitrate (up to 108 μg m -3 , 1 h time resolution) were also 212 observed during the multi-day episode. Nitrate contributed to 24% of the total PM 2.5 mass 213 concentration on average, which was comparable to that of organic matters (OM = 1.7*OC, 214 28%) and much higher than that of sulfate (16%) and ammonium (11%). The contribution of 215 nitrate to the PM 2.5 increased with an increase in nitrate concentration, and reached nearly 40% 216 at its highest nitrate level, indicating that nitrate was a dominant component of the PM 2.5 on 217 the most polluted days. The concentration of NO 3 -exhibited a concurrent increase with that of 218 ClNO 2 in the early nighttime on Jan 3 to 4, Jan 4 to 5, Jan 5 to 6 and Jan 9 to 10 (see Fig. 4 ), 219 suggesting that N 2 O 5 heterogeneous reactions significantly contributed to the formation of 220 nitrate during the nighttime. The measured increases of the NO 3 -concentration during these 221 four nights were 35.3, 50.9, 43.3 and 32.7 μg m -3 , respectively. A similar increase in ClNO 2 222 was observed on Jan 6 to 7, but the composition of the PM 2.5 was not available due to 223 instrument maintenance. The discussion in the remainder of this manuscript will focus on the 224 detailed analysis of these five nights to investigate the role of N 2 O 5 heterogeneous chemistry 225 (Tham et al., 2016; Wang H et al., 2017 Wang H et al., , 2018b Wang 277 Z et al., 2017) . NMHCs were not measured on Jan 9 to 10, 2017. Therefore, we used the 278 average k NO3 in the early nighttime on Jan 3 to 4 as a replacement because these two periods 279
Atmos Finally, the uptake coefficient of N 2 O 5 was derived using Eq. (6) for every 10 min and 285 averaged for the whole selected periods. In Eq. (6), C N2O5 is the mean molecular speed of 286 N 2 O 5 , and S a is the aerosol surface density. The yield of ClNO 2 was derived from Eq. (7) -5 to 6.07×10 -5 s -1 (see Table 1 ), while that of k N2O5 were 295 3.78×10 -3 to 20.4×10 -3 s -1 , which was two orders of magnitude higher than that of NO NO 2 , 296 suggesting that N 2 O 5 heterogeneous reactions were the dominant loss pathway of NO 3 and 297
The average γ N2O5 and ϕ ClNO2 derived for the early night of the five cases are listed in Table 1 . 299
The data show that the uptake coefficient ranged from 0.009 to 0.101, which was comparable 300 to the previous values derived at Mt. Tai Mo Shan (TMS) in Hong Kong (0.004 to 0.022) 301 (Brown et al., 2016) and in the North China Plain (0.006 to 0.102) (Tham et al., 2018; Tham 302 et al., 2016; Wang H et al., 2017 Wang H et al., , 2018b Wang X et al., 2017; Wang Z et al., 2017; Zhou et al., 303 2018) . The yield in this study varied from 0.20 to 0.36, which was similar to most studies in 304 In the early nighttime, the average loss rate of N 2 O 5 (L N2O5 ) ranged from 1.9 to 3.9 ppbv h -1 313 (Table 1) 
